A pilot scale membrane bioreactor hybrid system (MBR-HS) was evaluated for municipal wastewater treatment. This novel system comprised of a granular activated carbon -sponge fluidized bed bioreactor (GACS-FBBR) followed by a submerge membrane bioreactor (MBR) with the capacity of 2L per minute. The results indicated that the MBR-HS could effectively remove 90% DOC and 95% NH 4 -N. PO 4 -P removal efficiency was remained stable at about 70% throughout the experiment. Specific oxygen uptake rate (SOUR) of activated sludge increased from 0.72 to 2.21 mg O 2 /gVSS.h for the first 10 days and then followed by a steady stage until the end of experiment. Sludge volume index (SVI) was always below 50 mL/g, demonstrated an excellent settling properties of sludge. The system also showed an achievement in terms of low trans-membrane pressure (TMP) development rate. The TMP increasing rate was only 0.65 kPa/ day, suggesting GACS-FBBR can be a promising pre-treatment for
Introduction
Membrane bioreactor (MBR) has been increasingly consolidating its status as a state-of-the-art technology in wastewater treatment during the last few decades.
Admittedly, this technology has several advantages over the conventional treatment systems, such as high treated water quality, less space requirement, and less sludge production. However, at the mean time MBR has an unavoidable obstacle which is difficult to overcome, namely membrane fouling . Membrane fouling reduces the membrane life, requires more energy for backwashing and makes the system less efficient. It is obvious that in practical application, assessing fouling mechanism with real wastewater and pilot scale system help further understanding of this topic as in several cases synthetic wastewater does not reflect genuine characteristics of the real one.
There has been recently enormous attention paid on examination of MBR performance in large scale. Most of recent studies indicated that treatment performance similar to that observed during bench-scale research may be obtained at a larger scale (Smith et al., 2012) . Gao et al. (2009) developed a novel automatic vacuum MBR equipped with an on-line air-water-chemicals backwashing system for a purpose of the reclamation of domestic wastewater. The experimental setups were operated in pilot scale and experimental results indicated that membrane flux was able to resume as the fouled membrane modules being operated for 150 days. Compared to a new membrane module, the contaminated membrane fluxes were resumed to 94.7% after the first cleaning, to 82.7% after the second cleaning and to 70.0% after the third cleaning at a vacuum value of 20 kPa. To meet the standard of water reuse for car washing and land 3 watering (PR China CJ25.1-89, COD concentration less than 30mg/L and ammonia nitrogen less than 10mg/L), the minimum HRT required by this system was 1 h for domestic wastewater reclamation. Lin et al. (2011) demonstrated that the submerged anaerobic MBR for municipal secondary wastewater treatment was technically feasible in terms of COD removal, sludge production and biogas yield. Membrane parameters, including flux, price and lifetime, played decisive roles in determining the total life cycle costs of the MBR system. The effectiveness of a full scale MBR in the removal of bacteriophages and bacterial fecal indicators from municipal wastewater was compared with that obtained by conventional activated sludge process (CASP) (De Luca et al., 2013). The MBR process was able to achieve respectively 2.7 and 1.7 Log10 higher reductions of somatic coliphages and F-RNA specific bacteriophages compared with CASP. In the meantime, the recent developments made in MBR have enhanced the performance of MBR, such as anaerobic MBRs using the Anammox process for nitrogen removal (Stuckey, 2012) and staged anaerobic fluidized MBR system for minimizing membrane fouling (Yoo et al. 2012 ).
Use of GAC in FBBR (GAC-FBBR) is an emerging technology for refractory organic pollutants removal, which was operated under anaerobic conditions (Xing et al., 2010) . The GAC provides a temporary storage place, through adsorption, for occasions when the contaminant concentration is in excess of the bacterial capacity to transform.
The contaminant then desorbs when concentrations decrease, maintaining the feed of the contaminant to the bacteria. GAC-FBBRs have also been used for treatment of coal gasification wastewaters and chlorinated solvents at the laboratory scale (Vidic et al., 1990) . Initial studies of the GAC-FBBR were focused on the treatment of dinitrotoluene (DNT) in propellant wastewater. A bench scale study in a university laboratory, using synthetic wastewater, was undertaken to evaluate this technology for use in the field. The GAC-FBBR has also been evaluated in the laboratory environment for TNT degradation. A small scale system demonstrated that TNT could also be 
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The objective of this study is to investigate the performance of MBR hybrid system on treating municipal wastewater in SOP under the assessment of the following parameter: (i) the removal efficiency of organics and nutrients; (ii) the relation of mixed liquor suspended solid (MLSS) and sludge volume index (SVI); (iii) specific oxygen uptake rate; and (iv) trans-membrane pressure (TMP) development.
Materials and methods

Municipal wastewaters
The municipal wastewater used in this experiment was derived from Sydney 
MBR-HS description
Influent wastewater from Wastewater Reclamation Treatment Plant freely flowed into a 60L equalisation tank (Fig. 1) . A fine screen of 2 mm was also placed on the way in order to completely retain the coarse solids found. Wastewater was then fed 
Results and discussion
pH, DO, and ORP
Organic and nutrient removal
Sludge SOUR
The results of sludge SOUR indicated that microbial activity of activated sludge was increased during first 10 days, started from 0.72 mg O 2 /gVSS.h at the first day and reached the maximum point of 2.21 mg O 2 /gVSS.h at day 10th. It was followed by a slump to 1.92 mg O 2 /gVSS.h and then remained stable until the end of the experiment.
This result indicated that microbial activity was developing during first 10 days and followed by a steady stage till the day 25 of the experiment. proportional to the increasing of the biomass in the reactor. It was about 10 mL/g during the first 5 days of the experiment, and between 20 -30 mg/L from day 7 to 15, and continually increased to 43 mL/g after 25 days of operation. In this present study, SVI value was always below 100 mL/g, indicating good settling properties of the sludge.
MLSS and SVI
High SVI is normally attributed to the growth of filamentous bacteria which negatively effects the characteristics of the activated sludge. 
Conclusions
The pilot-scale FBBR-MBR hybrid system could remove more than 95% of organic carbon and NH 4 -N, and more than 70% of PO 4 -P when treating municipal wastewater. Microbial activity of the sludge of the FBBR-MBR hybrid system gradually increased during the first 10 days of the experiment, reached the peak of 2.21 mg O 2 /gVSS.h, and followed by a steady stage. SVI was always below 100 mL/g, indicating the good settling property of activated sludge. The hybrid system was successful in mitigating the membrane fouling as the TMP development of only 0.65 kPa/day. 20 HIGHLIGHTS -The pilot scale GACS-FBBR-MBR was successful in treating municipal wastewater. -GACS-FBBR is a promising pre-treatment method for membrane bioreactor.
-SVI was below 100 mL/g, indicating the good settling property of activated sludge. -The hybrid system was successful in mitigating membrane fouling.
